ABSTRACT: Late Pennsylvanian (upper Gzhe1ian = Virgilian) to early Permian (lower Artinskian = upper Wolfcampian) sea water chemistry and depositional cyclicity are evaluated based on oxygen and carbon isotopic compositions of unaltered shells of the brachiopod Composita collected from shallow-water deposits in the Council Grove and Chase Groups in Kansas and Oklahoma. Mean MgC0 3 content in these samples is 0.2 ±0.2 mole%, and mean 8180pDH and 813CpDH values arc -2.1 ±0.6%o,and 4.0 ±0.8%o, respectively. There is no significant difference in mean percentage MgC0 3 or isotopic compositions between primary prismatic and secondary fibrous shell layers. 8180 trends do not appear to coincide with inferred sea water temperature changes attending deposition of stratigraphic sequences as has been postulated for older midcontinent Pennsylvanian cyclic deposits. Rather, the data seemingly reflect variations in sea water 8180 values coincident with ice-volume fluctuations during the time period examined. This contention is in accordance with inferred glacio-eustatic forcing of depositional cyclicity in the section. Estimated amplitudes of sea-level fluctuations increase from the upper Gzhelian into the lower Artinskian from 30-100 m to 110-150 m, which concurs with maximum Gondwanan glaciation during the early Permian. Although there is not a significant long-term trend in mean 8 13C values, there is an upward trend to less negative 8180 values that is interpreted as a signal of long-term increase in midcontinent aridity and salinity.
INTRODUCTION
Studiesofthe stableoxygen and carbon isotopic compositions of biotic and abiotic components in limestones have furthered our understanding ofchanges in sea water isotopic composition and temperature, global carbon budgets, history of glaciation, and deposition of cyclic sequences (e.g., Lowenstam 1961; Galimov et al. 1975; Veizer and Hoefs 1976; Veizer et ill. 1980; Popp et al. 1986a; Beauchamp et al. 1987; Bruckschen et al. 1999; Mii et al. 1999) . Such geochemical data also provide critical baselines against which isotopic compositions of cements and dolomite in ancient carbonate rocks are compared and interpreted (e.g., Given and Lohmann 1985; Lohmann and Walker 1989; Carpenter et al. 1991) . The late Paleozoic is a focus of such studies because it was a critical period in Earth history that witnessed dramatic environmental changes coincident with Gondwanan glaciations and the transition from ice-house to greenhouse climatic modes (Veevers 1994; Veevers et al. 1994) . Marine oxygen and carbon isotope records have been developed for the late Paleozoic from several areas in the world (e.g., Compston 1960; Veizer and Hoefs 1976; Popp et al. 1986a; Bruckschen et al. 1999) , including a relatively detailed record for the Carboniferous of North America (Mii et al. 1999; Grossman et al. 2001a, b) .
Available isotope data from upper Paleozoic rocks in North America are based largely on either whole brachiopod shel1s or rock matrix (Brand 1982 (Brand , 1987 Morrison et al. 1985; Wiggins 1986; Magaritz and Holser 1990) 1975; Davies 1997; Given and Lohmann 1985, 1986; Beauchamp et al. 1987; Graber 1989; Mruk 1989; Dickson et al. 1991; Mazzullo 1999b) , but the bulk of available data from rocks of this age are from well preserved brachiopod shells (Popp et al. 1986; Veizer et al. 1986; Adlis et al. 1988; Grossman 1994; Grossman et al. 1991 Grossman et al. , 1993 Grossman et al. , 2001a Mii et al. 1999) . Whereas Carboniferous rocks in North America have been fairly well studied, there is a critical gap in brachiopod data from younger Paleozoic rocks, particularly from upper Gzhelian to Artinskian strata. This gap limits attempts at paleoclimatic modeling, comparative sedimentologic, diagenetic and biotic studies, and other reconstructions. This paper presents oxygen and carbon isotope data from unaltered brachiopod shells in upper Gzhelian to lower Artinskian (upper Virgilian to upper Wolfcampian), cyclic shallow-marine strata of the Council Grove and Chase Groups in central to southern Kansas and northeastern Oklahoma. These data extend the brachiopod isotope chemostratigraphy of Adlis et al. (1988) , Grossman et al. (1991 , 1993 ), and Mii et al. (1999 into the lower Permian, and allow direct comparison of isotope data from a similar sample base. Based on these data, late Paleozoic ocean chemistry and temperature, history of glaciation, and depositional cyclicity of these rocks are evaluated and discussed.
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Group are correlated to equivalent strata in Nebraska and Texas (Boardman et a1. 1995; Mazzullo 1998, I999a) , and stratigraphic cyclicity is believed to have been forced by glacio-eustasy driven by Gondwanan glaciation.
--- The brachiopod shells on which this study is based were collected from calcareous shale and/or shaly limestone beds within only the early TSTs and late lISTs of the high-frequency cycles in the section (Fig. 2) . Because deposition was on a very low-gradient ramp, these systems tracts and rocks represent shallow-marine deposits (i.e., above wave base) that we believe are of similar paleowater depth. Evidence for the recognition of inferred paleoenvironments includes: (i) position within the overall sequence-stratigraphic framework; (ii) lithology and biotic content, including superposition of different biota such as molluscs, fusulinids, ammonites, and conodonts; and (iii) vertical succession of sedimentary and biogenic structures (Boardman et al. 1995; Mazzullo 1998 Mazzullo , 1999a . Specimens purposely were not collected from immediately beneath depositional-sequence or other cycle boundaries. Stratigraphic units shown in Figure 2 as not providing any specimens are those in which Composita either is not present in the study area, or in which the genus is present in only deeper-water deposits wherein shells are pervasively silicified. Samples were not collected from deeper-water deposits in the section. Hence, the present study is restricted to specimens from only shallow-water deposits, and all such deposits that contain Composita in the study area
KANSAS
The fundamental units in the section are relatively highfrequency cycles that generally comprise two marine carbonates, each with component transgressive and highstand systems tracts (TST and HST, respectively), separated by fossiliferous, nearshore-marine shale (Fig. 2) . The shales represent relative lowstands that did not involve subaerial exposure. Such eycles constitute the typical "cyclothems" of midcontinent terminology. When such cycles are overlain and underlain by terrestrial siliciclastics, including palosols, they comprise mid-frequency eycles that are components of even lower-frequency cycles (Mazzullo 1998 (Mazzullo , 1999a . In the Chase Group, the midfrequency cycles are interpreted as stacked, composite depositional sequences, the deepest-water deposits of which are within the Florence Formation. In contrast, the relatively high-frequency cycles recognized in the Council Grove Group (and part of the underlying Admire Group) are interpreted as a single lower-frequency depositional sequence within which the Red Eagle Formation represents the deepest-water deposits (Boardman et al. 1995: Fig. 2) . A slightly different perspective on cyclothem and sequence development in the lower part of the Council Grove Group, and also the subjacent Admire and Wabaunsee Groups, is given by Olszewski and Patzkowsky (2003) .
from northeastem Oklahoma, through Kansas, and into southeastem Nebraska (Fig. I) . Total average thickness of both units is about 200 m; and they comprise cyclic, terrestrial siliciclastics and shallow-marine carbonates and shales that were deposited on ramps that dipped gently to the south and west (Boardman et al. 1995; Mazzullo 1998 Mazzullo , 1999a . Deposition was in a shallow intracratonic basin located in a tropical, low-latitude setting that was 0-7 0 north of the paleoequator (Scotese and McKerrow 1990; Golonka ct al. 1994 ). Stratigraphy and biostratigraphic assignments based on conodonts are shown in Figure 2 . The Foraker Limestone and Johnson Shale in the lower part of the Council Grove Group are assigned to the upper Gzhelian (Virgilian) by Boardman et al. (1995) , and therefore, are younger than Virgilian strata from which brachiopods were earlier analyzed by Adlis et al. (1988) and Grossman et al. (1991 Grossman et al. ( ,1993 .
TST deposits identified in the present study are deepeningupward marine facies, and locally tidal flat facies. HST deposits shallow upward and are mainly represented by carbonate sands, and locally, also tidal flat facies. Maximum-flood deposits in the high-frequency cycles within the lower to middle Council Grove Group are mainly condensed sections represented by black, phosphatic "core shales" typical of Pennsylvanian cyclothems (e.g., Heckel 1994). Maximum-flooding deposits in the upper Council Grove and Chase Groups instead are mainly non-phosphatic and locally slightly glauconitic, fossiliferous and calcareous shales. These differences reflect overall shallowing from the Virgilian into the Wolfcampian (e.g., Rascoe and Adler 1983) . The cycles in the Council Grove Group and Chase
